The role of quinones in electron transport has attracted considerable recent interest (27) . Coenzyme Q1O, which is present in plant mitochondria, is closely related to the respiratory chain (6), and the very similar benzoquinone, plastoquinone, appears to be involved in photosynthesis (7) 
closely related to the respiratory chain (6) , and the very similar benzoquinone, plastoquinone, appears to be involved in photosynthesis (7) Vitanmin K-type naphthoquinones have been imlplicated in respiratory electron transfer (30) , oxidative phosphorylation (2) , and photophosphorylation (1) . The enzymatic pathways involved in the intracellular oxidation and re(luction of these quinones are clearly of interest. Wosilait an(l Nason (32) showed that extracts of animiials, plants, and bacteria contain an active pyridine nucleotide-menadione (vitamiin K;) reductase, andl since then a number of enzymles which catalyze the re(luction of naphtlhoquinones an(I benzoquinones or benzoquinones alone have been purified. The pathways of oxidation of the reduce(d quinones have also been examined, though most of the work has been (lone with animal systemls (8. 9, 22) . This aspect of the problem is of special interest in plants, since, in addition to the usual respiratory chain, they contain a number of enzymes (phenol oxidase, laccase, peroxidase) which can oxidlize phenols to their corresp,onding quinones. In the present study. we have used menadiol andl mlenla(lionie as moclel comilpoun(ls and have examined their oxidationi andl redluction by cell-free fractions isolated froml non-photosynthetic tissues. Special attention has been paidI to the intracellular localization of these activities and to the components involved in the oxidative pathways.
Materials & Methods
The washed mitochondrial fraction was isolated froml sweet potato roots (Jpoinca batatas L.) by differential centrifugation (at 10,000 X g for 20 min) as previously describe(l ( 13 ) . The mlicrosomal fractioin wNas then isolate(d froml the supernatanit fraction remaining after the 10,000 X g centrifugation: it was centrifuged at 25.000 X g for 20 Difference spectra of the digitonin-treated fractions were recorded with a Cary spectrophotometer.
Results
Oxidation of Menadiol: Sweet potato mitochondria were used for the initial experiments. When mitochondria are added to a solution containing menadiol, the absorption spectrum changes rapidly to give a spectrum identical to that of authentic menadione (fig 1) . The reaction can be followed by measuring the increase in absorbancy at 262 mis (fig 2) . The kinetics of the reaction appear to be firstorder, in agreement with results obtained with animal mitochondria (8) . In the absence of any particles, there is a very slow increase due to the autoxidation of menadiol (fig 2) . The ability of the mitochondria to catalyze the reaction is destroyed by boiling. (21) . Each of the particle fractions contains roughly 3 % of the total protein remaining after the preliminary centrifugation at 500 X g. As with the sweet potato, the specific activity of the menadiol oxidase is remarkably similar in the various fractions, both particulate and soluble. Since the soluble fraction was routinely found to contain 85 to 90 % of the total protein, roughly 90 % of the total mena- While the usual respiratory chain mediates a major fraction of the menadiol oxidation, antimycin and HOQNO were not completely inhibitory (table  II) . This is in marked contrast to the situation with heart-muscle preparations, where the activity is completely blocked by very low concentrations of antimycin A (8) . Increasing the antimycin concentration from 1.8 X 10-8 M to 1.8 X 10-6 M and the HOQNO concentration from 10-6 M to 10-M did not significantly increase the degree of inhibition of the sweet potato mitochondrial menadiol oxidase. Under the same conditions, the DPNH oxidase was considerably more sensitive to these inhibitors than was the menadiol oxidase. It is concluded that a second cyanide-sensitive pathway of menadiol oxidation is also operative in isolated sweet potato mitochondria, and this may account for up to half of the total activity.
The inhibitor response of the menadiol oxidase of pea stem mitochondria (Fractions I & II) suggests that a similar situation is found in these particles (table III) . The reaction is blocked completely by A number of oxidative enzymes which might conceivably account for the menadiol oxidase activity are present in plants. Since cytochrome c oxi(lase is entirely absent from the soluble fraction, it alone cannot be responsible for the activity. The classical copper oxidases appear to be ruled out by the fact that 10-I DIECA is not inhibitory to the reaction catalyzed by either the sweet potato or the pea stem soluble fraction. The fact that menadiol is not an ortho-diphenol makes it an unlikely substrate for polyphenol oxidase.
Several lines of evidence suggest that peroxidase nmay in fact be involved. Peroxidase activity can be demonstrated in all of the pea stem fractions and the specific activities do not vary greatly (table I) . Furthermore, the ratios of the specific activities of peroxidase/menadiol oxidase for the various fractions are not widely different. In preliminary experiments, it has been shown that purified horseradish peroxidase can in fact act as a menadiol oxidase without added H.,O,, and this oxidation is almost completely inhibited by 10-3 Ai KCN (table I). The ratio of peroxidlasem/nenadiol oxidase activities for the purified enzymne is not far froml that obtained with the isolated fractions. A detaile(l study of this reaction will be reported elsewhere. (table I) , and the specific activity of the reaction is highest in the mitochondria. Although the specific activity in the soluble fraction is relatively low, nearly 80 c/ of the total activity is foun(d here. The fact that all of the fractions are able to reduce menadione does not mean that the same enzymes are involved in each case.
Discussion
The pathways of reduction and oxidation of mena-(ione suggested by the preselnt experiments may be represented diagrammatically as follows: The presence of DPNH-menadione reductase in all of the pea steml fractions indicates that the intracellular localization of this activity is similar to that of the Vitamin K reductase in liver (29) (17) , and enzymes showing this activity have been partially purified from the soluble fraction of tobacco roots (25) , wheat germ (5) , and etiolated mung bean (24) . A similar enzyme has been purified from liver (18) ; since this was shown to be a flavoprotein, it has been assumed in the above diagram that the enzymatic reduction proceeds via a flavoprotein (FP).
A major fraction of the menadiol oxidation by plant mitochondria is mediated by the cytochrome system. All of the oxidation of menadiol by animal mitochondria proceeds via the respiratory chain (26) , and this is also true for the oxidation of endlogenous and exogenous reduced coenzyme Q (22 (19, 20) . In contrast, very little peroxidase is found in the soluble fraction of the pig thyroid gland and most of the activity is found in the mlicrosomes (14) . Peroxidase is known to act as an aerobic oxidase on a number of substrates (3) , and our data indicate that the oxidation of menadiol by this enzyme is such a reaction.
WVhat is the physiological significance of the reactions exanmined here? Does menadione act in these systems like some naturally occurring quinone? It seems most likely that menadione serves as a nmodel for coenzyme Q in the respiratory chain, as suggested by Slater et al. (26) , but the exact position and role of this coenzyme have not been firnmlv established (4) .
Our results emphasize the fact that alternative pathways of oxidation are available in plant systems, though the possibility that these are artifacts of isolation cannot be ruled out. It will be of interest to see if peroxidase plays an important physiological role by virtue of its ability to oxidize naturally occurring hydroquinones.
Summary
I. The oxidation of menadiol by fractions isolated from sweet potato roots and etiolated pea stems has been examined using a spectrophotometric method.
II. The mitochondria catalyze an 09-dependent menadiol oxidase reaction which is mediated in part, but not entirely, by the cytochrome system.
III. The specific activity of the menadiol oxidase is approximately the same in all the cell fractions, and the bulk of the total activity is associated with the soluble fraction.
IV. The menadiol oxidase of the microsomal and soluble fractions is blocked by cyanide but is insensitive to antimycin A.
V. The antimycin-insensitive menadiol oxidase is probably due to peroxidase acting as an aerobic oxidase. The intracellular localization of peroxidase activity is consistent with this possibility.
VI. The bulk of the DPNH-menadione reductase activity in the pea stem is associated with the soluble fraction, and the remainder is largely mitochondrial.
Introduction
An increase in respiratory rate has been observed in sweet potato roots infected by the black rot fungus, Ceratocystis fi;nbriata, and, with special reference to the phosphate metabolism of the host tissue, hypotheses have been put forward to interpret the nmechanism responsible for this increase (2, 24, 25) . There are several other characteristic aspects of the postinfection host metabolisnm (24) , anmong which the formation of furanoterpenoids, e.g., ipomeamarone, is particularly interesting. Ipomeanmarone has a powerful uncoupling and antipathogenic action, andl at a moderate concentration induces a respiratory increase not coupled with phosphorylation reactions (25) .
A recent analytical study of ipomeamarone synthesis suggests that an uncoupling-type respiration may be partly involved in cells closely adjacent to the fungus degeneratedl area, especially in the caseof a susceptible variety (3). However, since there is also an increase in the respiratory activity of the inner region Received revised manuscript March 23, 1962. 
